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(vi) ORIGINAL SOURCE: 

(A) ORGANISM : H. felis 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..591 

(D) OTHER INFORMATION: /standard_name- "URE I" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

ATG TTA GGT CTT GTG TTA TTG TAT GTT GCG GTC GTG CTG ATC AGC AAC 48 
Met Leu Gly Leu Val Leu Leu Tyr Val Ala Val Val Leu He Ser Asn 
15 10 15 

GGA GTT AGT GGG CTT GCA AAT GTG GAT GCC AAA AGC AAA GCC ATC ATG 96 
Gly Val Ser Gly Leu Ala Asn Val Asp Ala Lys Ser Lys Ala He Met 
20 25 30 

AAC TAC TTT GTG GGG GGG GAC TCT CCA TTG TGT GTA ATG TGG TCG CTA 144 
Asn Tyr Phe Val Gly Gly Asp Ser Pro Leu Cys Val Met Trp Ser Leu 
35 40 45 

TCA TCT TAT TCC ACT TTC CAC CCC ACC CCC CCT GCA ACT, GGT CCA GAA 192 
Ser Ser Tyr Ser Thr Phe His Pro Thr Pro Pro Ala Thr Gly Pro Glu 
50 55 60 

GAT GTC GCG CAG GTG TCT CAA CAC CTC ATT AAC TTC TAT GGT CCA GCG 240 
Asp Val Ala Gin Val Ser Gin His Leu He Asn Phe Tyr Gly Pro Ala 
65 70 75 80 

ACT GGT CTA TTG TTT GGT TTT ACC TAC TTG TAT GCT GCC ATC AAC AAC 288 
Thr Gly Leu Leu Phe Gly Phe Thr Tyr Leu Tyr Ala Ala He Asn Asn 
85 90 95 

ACT TTC AAT CTC GAT TGG AAA CCC TAT GGC TGG TAT TGC TTG TTT GTA 336 
Thr Phe Asn Leu Asp Trp Lys Pro Tyr Gly Trp Tyr Cys Leu Phe Val 
100 105 110 

ACC ATC AAC ACT ATC CCA GCG GCC ATT CTT TCT CAC TAT TCC GAT GCG 384 
Thr He Asn Thr He Pro Ala Ala He Leu Ser His Tyr Ser Asp Ala 
115 120 125 

CTT GAT GAT CAC CGC CTC TTA GGA ATC ACT GAG GGC GAT TGG TGG GCT 432 
Leu Asp Asp His Arg Leu Leu Gly He Thr Glu Gly Asp Trp Trp Ala 
130 135 140 

TTC ATT TGG CTT GCT TGG GGT GTT TTG TGG CTC ACT GGT TGG ATT GAA 480 
Phe He Trp Leu Ala Trp Gly Val Leu Trp Leu Thr Gly Trp He Glu 
145 150 155 160 

TGC GCA CTT GGT AAG AGT CTA GGT AAA TTT GTT CCA TGG CTT GCC ATC 528 
Cys Ala Leu Gly Lys Ser Leu Gly Lys Phe Val Pro Trp Leu Ala He 
165 170 175 
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GTC GAG GGC GTG ATC ACC GCT TGG ATT CCT GCT TGG CTA CTC TTT ATC 576 
Val Glu Gly Val He Thr Ala Trp He Pro Ala Trp Leu Leu Phe He 
180 185 190 

CAA CAC TGG TCT TGA 
591 

Gin His Trp Ser 
195 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 199 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM : H. felis 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Lvs Gly Trp Met Leu Gly Leu Val Leu Leu Tyr Val Ala Val Val Leu 
15 10 15 

He Ser Asn Gly Val Ser Gly Leu Ala Asn Val Asp Ala Lys Ser Lys 
20 25 30 

Ala He Met Asn Tyr Phe Val Gly Gly Asp Ser Pro Leu Cys Val Met 
35 45 

Trp Ser Leu Ser Ser Tyr Ser Thr Phe His Pro Thr Pro Pro Ala Thr 
50 55 60 

Glv Pro Glu Asp Val Ala Gin Val Ser Gin His Leu He Asn Phe Tyr 
65 70 „ 75 80 

Gly Pro Ala Thr Gly Leu Leu Phe Gly Phe Thr Tyr Leu Tyr Ala Ala 
85 90 95 

He Asn Asn Thr Phe Asn Leu Asp Trp Lys Pro Tyr Gly Trp Tyr Cys 
100 105 HO 

Leu Phe Val Thr He Asn Thr He Pro Ala Ala He Leu Ser His Tyr 
U5 120 125 

Ser Asp Ala Leu Asp Asp His Arg Leu Leu Gly He Thr Glu Gly Asp 
130 135 1^0 

Trp Trp Ala Phe He Trp Leu Ala Trp Gly Val Leu Trp Leu Thr Gly 
14? 150 155 160 

Trp He Glu Cvs Ala Leu Gly Lys Ser Leu Gly Lys Phe Val Pro Trp 
' 165 170 175 
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Leu Ala lie Val Glu Gly Val He Thr Ala Trp lie Pro Ala Trp Leu 
180 185 190 

Leu Phe lie Gin His Trp Ser 
195 
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CLAIMS 



1. Immunogenic composition, capable of inducing 
antibodies against Helicobacter infection, 

characterised in that it comprises : 

i) at least one sub-unit of a urease structural 
polypeptide from Helicobacter pylori, or a fragment 
thereof, said fragment being recognised by antibodies 
reacting with Helicobacte r felis urease, and/or at 
least one sub-unit of a urease structural polypeptide 
from Helicobacter felis , or a fragment thereof, said 
fragment being recognised by antibodies reacting with 
Helicobacter pylori urease ; 

ii) and/or, a Heat Shock protein (HSP) , or 
chaperonin, from Helicobacter , or a fragment of said 
protein. 

2. Immunogenic composition according to claim 1 
capable of inducing protective antibodies. 

3. Immunogenic composition according to claim 1 
characterised in that it includes component (i) , which 
comprises or consists of the Helicobacter felis urease 
structural polypeptide (s) encoded by the ure_A and/or 
ure B genes of plasmid pILL205 (CNCM 1-1355), a 
polypeptide exhibiting at least 90 % homology with the 
said polypeptide (s), or a fragment thereof having at 
least 6 amino-acids and being* recognised by antibodies 
reacting with Helicobact er pylori urease. 

4. immunogenic composition according to claim 1, 
characterised in that it includes component ii) which 
is a HSP from Helicobacter pylori , or a fragment 
thereof. 

5. Immunogenic composition according to any of 
preceding claims characterised in that the HSP is HSP 
A and/ or HSP B encoded by the hsp A and/or hsp_B genes 
respectively, of plasmid pILL689 (CNCM 1-1356), or a 
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polypeptide exhibiting at least 75 % homology with the 
said HSP's, or a fragment of either or both of these 
proteins having at least 6 amino-acids. 

6. Pharmaceutical composition for use as a 
vaccine in protecting against Helicobacter infection, 

particularly against Helicobacter pylori and 

Helicobacter felis , characterised in that it comprises 
the immunogenic composition of any of claims 1-5, in 
combination with physiologically acceptable 
excipient(s) and possibly adjuvants. 

7. Proteinaceous material characterised in that 
it comprises at least one of the Helicobacter felis 
polypeptides encoded by the urease gene cluster of the 
plasmid pILL205 (CNCM 1-1355), including the 
structural and accessory urease polypeptides, or a 
polypeptide having at least 90 % homology with said 
polypeptides, or a fragment thereof. 

8. Proteinaceous material according to claim 7, 
characterised in that it consists of or comprises the 
gene product of ure A and/or ure B as illustrated in 
figure 3, or a fragment having at least 6 amino-acids, 
or a variant of these gene products having at least 
90 % homology, said fragment and said variant being 
recognised by antibodies reacting with Helicobacter 

pylori urease. * 

9. Proteinaceous material according to claim 7 
characterised in that it consists of or comprises the 
gene product of ure I , as illustrated in figure 9, or 
a fragment thereof having at least 6 amino-acids, or a 
variant of the gene product having at least 75 % 
homology, said fragment and said variant having the 
capacity to activate the ure A and ure B gene products 
in the presence of the remaining urease "accessory" 
gene products. 
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10. Nucleic acid sequence characterised in that 

it comprises : 

(i) at least one sequence coding for the 
proteinaceous material of any one of claims 6-9 ; 
or (ii) a sequence complementary to sequence (i) ; 
or (iii) a sequence capable of hybridising to 
sequences (i) or (ii) under stringent conditions ; 

iv) a fragment of any of sequences (i) , (ii) or 
(iii) comprising at least 10 consecutive nucleotides. 

11. Nucleic acid sequence according to claim 9 
characterised in that it comprises the sequence of 
plasmid pILL205 (CNCM 1-1355), for example the 
sequence of Figure 3, in particular that coding for 
the gene product of ure A and for ure B or the 
sequence of Figure 9 ( Ure I ) , or a sequence capable of 
hybridising to these sequences under stringent 
conditions, or a sequence complementary to these 
sequences, or a fragment comprising at least 10 
consecutive nucleotides of these sequences. 

12. Expression vector characterised in that it 
contains a nucleic acid sequence according to claim 10 
or 11. 

13. Plasmid pILL205 (CNCM 1-1355). 

14. Oligonucleotide suitable for use as a primer 
in a nucleic acid amplification reaction, 
characterised in that it comprises from 10 to 100 
consecutive nucleotides of the sequence of claim 10 or 

11. 

15. Nucleotide probe characterised in that it 
comprises a sequence according to any one of claims 9 
or 10, with an appropriate labelling means. 

16. Prokaryotic or eukaryotic host cell stably 
transformed by an expression vector according to claim 
12 or 13. 
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17. Proteinaceous material characterised in that 
it comprises at least one of the Heat Shock Proteins 
(HSP), or chaperonins, of Helicobacter pylori, or a 

fragment thereof. 

18. Proteinaceous material according to claim 17, 
characterised in that it comprises or consists of 
HSP A and/or HSP B, having the amino-acid sequence 
illustrated in Figure 6, or a polypeptide having at 
least 75 %, and preferably at least 80 % homology with 
said polypeptide, or a fragment thereof, comprising at 
least 6 amino-acids. 

19. proteinaceous material according to claim 18 
characterised in that it comprises or consists of the 
HSP A Oterminal sequence : 

GSCCHTGNHDHKHAKEHEACGHDHKKH 
or a fragment comprising at least 6 consecutive 
amino-acids of this sequence. 

20. Nucleic acid sequence characterised in that 

it comprises : 

i) a sequence coding for the proteinaceous 
material of any one of claims 17 to 19 or of any one 
of the proteinaceous materials of claims 7 to 9 ; 
or ii) a sequence complementary to sequence (i) ; 
or iii) a sequence capable of hybridizing to 
sequence (i) or (ii) under stringent conditions ; 
or iv) a fragment of any of sequences (i) , (ii) or 
(iii) comprising at least 10 nucleotides. 

21. Nucleic acid sequence according to claim 20 
characterised in that it comprises all or part of the 
sequence of plasmid pILL689 (CNCM 1-1356) , for example 
the sequence of figure 6, in particular that coding 
for HSP A and/ or HSP B, or a sequence complementary to 
this sequence, or a "sequence capable of hybridizing to 
this sequence under stringent conditions, or a 
fragment thereof. 
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22. Expression vector characterised in that it 
contains a nucleic acid sequence according to claim 20 
or 21. 

23. Plasmid pILL689 (CNCM 1-1356). 

24. Oligonucleotide suitable for use as a primer 
in a nucleic acid amplification reaction, 
characterised in that it comprises from 10 to 100 
consecutive nucleotides of the sequence of claim 20 or 
21. 

25. Nucleotide probe, characterised in that it 
comprises a sequence according to any one of claims 20 
or 21 with an appropriate labelling means. 

26. Microorganism, stably transformed by ah 
expression vector according to claim 22 or 23. 

27. Monoclonal or polyclonal antibodies or 
fragments thereof, to the proteinaceous material of 
any one of claims 8 to 10, characterised in that they 
are either specific for the Helicobacter felis 
material, or alternatively, cross-react with the gene 
products of the urease gene cluster of Helicobacter 
pylori . 

28. Monoclonal or polyclonal antibodies according 
to claim 27 characterised in that they recognise both 
the Helicobacter felis ure A and/ or ure B gene 
product, and the Helicobacter pylori ure A and/ or ure 
B gene product. 

29. Monoclonal or polyclonal antibodies or 
fragments thereof, to the proteinaceous material of 
claims 17 or 18, characterised in that they are either 
specific for the Hel icobacter pylori material or, 
alternatively, cross-react with GroEL-like proteins or 
GroES-like proteins from bacteria other than 
Helicobacter. 
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30. Monoclonal or polyclonal antibodies according 
to claim 29 characterised in that they recognise 
specifically the HSP A C-terminal sequence. 

31 • Use of the immunogenic composition of claim 1 
for the preparation of a vaccine suitable for use in 
man and animals against Helicobacter infection, 
particularly against Hel icobacter pylori and 

Helicobacter felis . 

32. Use of the antibodies of claims 27 to 3 0 in a 
therapeutic composition for treating infection by 
Helicobacter , in particular Helicobacter pylori , 
Hel icobacter heilmanni i and Helicobacter felis in man 
or animals. 

33. Method for the production of a pharmaceutical 
composition according to claim 6, characterised by 
culturing a transformed micro-organism according to 
claim 16, and optionally, also a micro-organism 
according to claim 26, collecting and purifying the 
Helicobacter urease polypeptide material and where 
applicable, also the HSP material, and combining these 
materials with suitable excipients, adjuvants and, 
optionally, other additives. 

34. Use of nucleotide sequences of any claim 15 
or 25 for the in vitro detection in a biological 
sample, of an infection by„ Helicobacter , optionally 
following a gene amplification reaction. 

35. Kit for the in vitro detection of 
Helicobacter infection, characterised in that it 
comprises : 

- a nucleotide probe according to claim 15 or 

25 ; 

an appropriate medium for carrying out a 
hybridisation reaction between the nucleic acid of 
Helicobacter and the probe ; 
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- reagents for the detection of any hybrids 
formed. 

36. Proteinaceous material characterised in that 
it comprises a fusion or mixed protein including at 
least one sub-unit of a urease structural polypeptide 
from Helicobacter pylori or fragment thereof, or from 
Helicobacter felis or fragment thereof as defined in 
claims 1 to 3, 5, 7 to 9, and or a heat shock proteins 
(HSP) from Helicobacter or fragment thereof, as 
defined in claims 17 to 20. 

37. Purified antibodies or serum obtained by 
immunisation of an animal with the immunogenic 
composition according to claims 1 to 5, or with the 
proteinaceous material or fragment of claims 7 to 9 or 
17 to 19, or with the fusion or mixed protein of 
claims 36. 

38. Kit comprising at least the purified 
antibodies or serum according to claim 37, and 
optionally, appropriate media or excipients for 
administration of the antibodies, or labelling or 
detection means for the antibodies. 
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WO 94/26901 



i 



36/56 



PCT/EP94/01625 



CD 




CJ 




cd 






rH 


w 


rn 


CD 


> 




u 










cd 


a 


£-1 


w 




rH 








(1) 




i— 1 


cd 


«-H 






CD 


> 










U 






>i 


a 


rH 


CD 


a* 


< 


3 






H 


rH 


rH CD 


u 


\ 


<U 




2 





CD 






CD 


rH 




CD 








u 




CD 


0) 




< 


CO 




Ph 


i-H 






03 




CD 


> 




<* 






CD 


rH 










r ) 


r- 




< 


07 




< 


ra 










CD 


aj 

w 










r ^ 












< 


•H 






3 






0) 




u 


rH 




CD 


rH 




E- 




rH 


CD 


> 


rH 








CJ 


.-H 


rH 






m 


CD 


> 



WO 94/26901 PCT/EP94/01625 



37/56 





(J 


f0 






M 




u 


fH 




U 


d) 




CD 












< 


CO 






a 




< 


> 




< 


CO 




< 


fH 










CJ 


u 




CD 






cd 






CD 






< 






w 








7) 




CD 


> 




2 






CD 












CD 


feMk 

u> 




CJ 


A3 




CD 


H 




o 


rH 










cd 






(D 


> 






a 






0) 






CO 






j3 




cd 


(TJ 




E-> 


a 




CD 


i— | 




o 












< 






CD 


> 






ij 






c 




U 


c 












7) 






(0 




< 


ra 




< 


(TJ 




CD 


U 




CJ 








a) 


1—1 


CD 


ra 


rH 


< 


E 


CM 












\ 




3 


\ 


U 


0J 


1 


H 


0) 


rH 




fH 


KD 


CJ 


fH 




< 


-H 



I 



W0 94/26901 PCT/EP94/0162S 

38/56 



U 0) 
H co 

< ^ 

U <D 
Eh co 

U 

U 0) 
&h CO 

o a 

H 4J 
4J 

&h 0) 

< E 

< H 
CD > 

£h CO 
H O 

rH H 0) 

H rH 



rH O 

CM U H 

rH u a 



< 


ra 


u 


«H 


(J 


fy 




0 


U 


U 






rj 


o 


U 




u 


a 




u 


U 


x: 


< 




r > 

^/ 


o 


U 


u 


U 


a 


rj 


crj 


< 




U 


JS 


rj 

w 










a 




u 


U 


.c 


< 


jj 


u 


M 


rH U 


0) 


in H 


CO 


rH E-> 




LO < 


>1 


rH H 





I 



PCT/EP94/01625 

WO 94/26901 

39/56 



E- U 

U <D 

CD rH 

cd > 
cd c 

< •— t 
U CP 

cd <0 
u rH 

cd 

H (X3 
CD > 

e-» a 

< CO 

CD 

23 

CD CP 

< o 

U U 

u a 

H O H 

CD CP 

co u r 

rH < -U 



CD <T3 
U 

CD fO 

< o 
u a 

H > 

CD rH 

cd 

< > 

u a) 

H JC 

u c 

CO 

Eh <D 

< -H 

U rH 

U CO 

rH < -H 

r* U -C 

rH ^ C 
rH < i-H 

CN U CP 



WO 94/26901 



PCT/EP94/01625 



40/5b 



CD 3 

E-» 0) 

U * 

< > 



u x: 







E-< 




H 


a 






CD 




CD 


o 


E-» 


0) 


H 




E-» 


a 


CD 


3 


H 


0) 


E-> 




< 


3 


E- 


<D 


U 








^ CD 




CD O 




t-i E-» 




rr U 




CNi < 





U 3 
H 0) 
U •— I 

H C 

< ra 
U <D 

E- x: 

E- 1 CL 
Eh U 

U x: 

< jj 

u c 

< cn 

u c 

< en 

< ra 

U <D 

U ra 
U -1 
CD fT3 

E- 1 f0 

rH U 

CTk CD f0 

r-t E-» U 

r- < > 
cn E-» .u 



WO 94/26901 



PCT/EP94/01625 



41/56 





CD 


3 






<D 




c-* 


— ( 




u 


GO 




CD 


>i 






'J 










< 


> 




•* 






cd 


G. 




cd 


U 






xJ 










CD 






CD 


0* 












> 










o 


0 




u 


u 




u 


a 




< 


co 














rH 


o 


a 


o 


CD 




rH 
\ 






rH 




a 


O 


< 


CO 


rn 


CD 


03 



U 03 

U I 

CD 03 

CD 03 

CJ <H 

CD 03 

< O 
U U 

u a 

a <u 

< *H 

U JC 

< JJ 

CJ c 

< to 

< 0J 

U 0) 

< :H 
CJ U 

u x: 

< u 

< -i 

£-« 03 

CD > 



n .c 

m a 



O 



WO 94/26901 



42/56 



PCT/EP94/01625 



E- Q- 

< to 

h a 

(J "H 

■CD <T3 
U »H 

h a 

< en 
a «s 

u u 

H a} 

< > 

< -H 
U J= 

E-« U 
U 0) 

rH 3 

CN H 0) 

rH CJ «— « 

VO h H 

m < -h 



u 


>, 




- — i 




o> 


o 


3 


< 


rH 


CD 






u 


U 


.c 




XJ 




fl] 

w 






< 


-H 




















0) 




rH 




r-l 
.J 




<ii 

w 


u 


rH 




cn 




u 


u 




u 


<n 


m < 


-H 






rH H 


a 




CO 


m U 


<T3 



> 



WO 94/26901 



t 



PCT/EP94/01625 



43/56 



cd a 

CD u 
H JJ 

U -i 
CD H3 

u -i 

CD CL 
CD u 
H JJ 

H 0) 

u a> 
h a 

U -4 
CD «0 

CD CL 
CD u 

h U CL 
rr CD u 
r-t H JJ 

rH H CL 
CM < CO 



< 3 

< rH 

CD 

Eh d) 
E-» »— ' 

< -H 

cd a 

cd u 

H > 
CD 

cd a* 

u -c 

< ±J 

U 3 
E- 0) 
U *H 

CD 

CD M 
CD 3 

* h a) 

rH H rH 

in H 

rH CD > 
rH H > 

m CD ^ 

cd 



t 



W 0 94/26901 PCT/EP94/01625 

44/5b 





0) 










< 




< 






1 


E-» 


> 


CD 


rH 


CD 


■Mb 


< 


3 




0) 


U 


j 






O 


0 






o 


CO 




> 


«. 


i 




>1 


o 




o 


CP 


E-» 


3 




0) 


u 




rH < 


ra 


V£> U 




rH CD 




r-» U 


en 


CD CD 


> 







CD 






ra 




> 


u 




CD 


^H 


cd 


CP 


cd 


3 


< 


rH 




CP 


u 


rH 






cd 


> 


u 


0) 




r-| 


< 


•H 






(J 


rH 


cd 






3 




<D 


CJ 


rH 


cd 


" a 


' CD 


H 


H 


JJ 


rH < 


o 


r- U 


u 


u 


a 




rH 


rH H 




lD CD 


> 



WO 94/M901 



45/56 



PCT/EP94/01625 



U 3 
H 0) 
U ^ 



U ^ 

o ci 

6- 

U >H 

E-» O 
U ^ 
U 0- 

< -H 
O CL 

U 

rH U U 

CD U £ 

rH < ^ 

rr H ^ 
m < mH 



< < 
H O 

U 0) 







U 


a 


O 


u 


t- 


u 


U 


CO 


< 


•H 


u 

r 


■r 


< 


c 


< 


rH 


u 




^ u 


0) 




«-H 


rH < 


•H 


rH H 


d) 


r- H 






a 



3 



WO 94/26901 



PCT/EP94/01625 



XT 

E 
o 



-a 

WO 

C 



c 

in 



s I: 

Cm 

*-> O 
.c c 

Cm Cm 

g a: 

<U Cm 

3 O 

« g 

•a oo 

"I * 

il 



E 

as 



U 

c 
cr 

E - 
o § 

u £ 



1) 



c 

o 



OC 00 

jjj .3 

E « 

c c 

<U 4) 



=>i 

•• c 

V ~ 

.5 T3 

— C 

£ 8 

— 4) 



ID 



co 

2 

> z 
o -a 

CU H 

co — co 

CD — CD 

cd — cd 

> — > 

£L — i 
Cu 

2 -Z 

S -2 



co — « 
x — x 



d — C2 



A. 
< 



u — cd 

CO 

> 



CD —CD 
Z — Z 

co — co 



< •* CD 

> — > 

> — * 



t- — J 

CD — CD 



o 






O 




VD 


o 






if) 










cn 


H 




r-j 




_ 




• s 


— _ 


M» 


2 






H 


__ 


M 


2 




2 


Cu 


• • 


H 


M 












< 




< 


2 






< 




< 


2 




2 




- , 








mJ 






J 


rn 

w 




U 












U 




— 














tit 






M 


CD 




to 


W 




r n 
w 


uu 






,n 






J 






hH 




> 






M 


Cu 


• • 




r ^ 
w 




w 






— 








c 






















CU 




•WW 




f n 










2 








• c 










Uj 






c?5 








>* 




>• 


t_ -i 
r"1 




ST* 












, 1 
1-^ 


i-3 












t ._ 1 

rn 




rH 






UJ 








•>* 
















w* 


uu 




mU 












t 1 






LM 


Cm 










r\ 






<M 


w 


_ 


M 


n 






cu 


• • 


< 




• 


< 


CD 




CD 


> 




> 




• 




w 








• 
















w 


• • 


WJ 


CU 


• • 




>• 




>» 








' 2 




2 






CU 


CD 


* « 


CO 






2 








E 


• • 




& 




a, 


E-> 


• 


< 




• • 


a 












2 


>t 




X 


Q 




Q 


cn 


• 




^ 






en 




H 


Z 


• 


CD 


►J 


• • 


> 


Cu 
















r- 


to 






O 












H 







^ iJ — i-3 CO — 



in 



5 — 5 

H — H 
lb — St 



2-2 

0i £j 



2 
< 

> 

CD 
K 



2 
< 



— CD 



2 

cu 

> 

CD 
CO 
CD 
< 

a 

H 

2 

CD 



— < 

— 2 



— CD 
Cu 

H 



< 



2-2 



> 
CD 
2 



— > 

— CD 

— 2 

— < 



h3 — 

r-i P> 



WO 94/26901 



47/56 



PCT/EP94/01625 



The Genetic Code 



Second Position 



u 


C 


A 


G 


UUU-, 

J Phe 

UUC 

U 

UUA_ 

j Leu 

UUC 


UCU-j 
UCC 
UCA 
UCG 


Ser 


UAU- 

jTyr 

UAC 

UAA" Stop 
UAG* Stop 


UGU_, U 

J Cys 
UGC C 

UGA* Siap A 

UGG Trp e 


CUU-, 

cue 

C 

CUA 
CUG 


Leu 


ecu-, 
ccc 

CCA 
CCG J 


Pro 


CAU_ 

1 His 

CAC 

CAA_ 

1 Gin 
CAC J 


CGU-j 
CGC 
CGA 
CGG 


U 
C 
A 
G 


AUU" 
AUC 

A 

AUA- 
AUG* 


He 
Met 


ACU- 
ACC 
ACA 
ACG " 


Thr 


AAU-. 

J Asn 

AAC 

AAA., 

]Lys 

AAG 


AGU_ U 

J Ser 
AGC C 

AGA-. A 

AGG ^ G 


GUU 

GUC 
G Vai 
GUA 

GUG* J 


GCU- 
GCC 
CCA 
GCG' 


Ala 


GAU- 

] Asp 

GAC 

GAA_ 

J Qu 

GAG 


GGU- 
GGC 
GGA 
GGG" 


U 
C 

Glv 

A 
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Abbreviations for amino acids 



Ammo acid 


Three-letter 
abbreviation 


One-letter 
symbol 


Alanine 


Ala 


A 


Axginine 


Arg 


R 


Asparagine 


Asn 


N 


As parti c aad 


Asp 


D 


Asparagine or aspartic acid 


Asx 


B 


Cysteine 


Cys 




Glutamine 


Gin 


Q 


Glutamic acid 


Glu 


E 


Glutamine or glutamic acid 


Glx 


Z 


Glycine 


Glv 

> 


G 


Histidine 


His 


H 


Isoieucine 


He 


I 


T * 

Leucine 


Leu 


L 


Lvsme 

* 


Lvs 


K 


Methionine 


Met 


M 


Phenylalanine 


Phe 


F 


Proline 


Pro 


P 


Serine 


Ser 


S 


Threonine 


Thr 


T 


Tryptophan 


Trp 


W 


Tyrosine 

* 


Tyt 


Y 


Vaiine 


VaJ 


V 
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